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Background 

Triple X syndrome (TXS) is caused by aneuploidy of the X 
chromosome and is associated with impaired social functioning 
in children; however, its effect on social functioning and emotion 
recognition in adults is poorly understood. 


Aims 
The aim of this study was to investigate social functioning and 
emotion recognition in adults with TXS. 


Method 


This cross-sectional cohort study was designed to compare 
social functioning and emotion recognition between adults with 
TXS (N = 34) and an age-matched control group (n = 31). Social 
functioning was assessed with the Adult Behavior Checklist and 
Social Responsiveness Scale for Adults. Emotion recognition was 
assessed with the Emotion Recognition Task in the Cambridge 
Neuropsychological Test Automated Battery. Differences were 
analysed by Mann-Whitney U-test. 





Results 
Compared with controls, women with TXS scored higher on the 
Adult Behavior Checklist, including the Withdrawn scale (P < 0.001, 
effect size 0.4) and Thought Problems scale (P < 0.001, effect size 
0.4); and higher on the Social Responsiveness Scale for Adults, 

indicating impaired social functioning (P < 0.001, effect size 0.5). 
In addition, women with TXS performed worse on the Emotion 
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Recognition Task, particularly with respect to recognising 
sadness (P < 0.005, effect size 0.4), fear (P < 0.01, effect size 0.4) 
and disgust (P < 0.02, effect size 0.3). 


Conclusions 


Our findings indicate that adults with TXS have a higher preva- 
lence of impaired social functioning and emotion recognition. 
These results highlight the relevance of sex chromosome 
aneuploidy as a potential model for studying disorders charac- 
terised by social impairments such as autism spectrum disorder, 
particularly among women. 
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Triple X syndrome (TXS) is a genetic syndrome first described back 
in 1959 in an infertile woman.! TXS is characterised by a 47, XXX 
karyotype and has an estimated incidence of 1 in 1000 newborn 
girls.” The phenotype associated with TXS is variable, but is generally 
mild; therefore, estimates suggest that only 16% of cases are clinically 
diagnosed.’ Individuals with TXS typically present with tall stature, 
seizure susceptibility, urogenital abnormalities, reduced fertility~* 
and an increased prevalence of several psychiatric conditions, includ- 
ing anxiety, depression and psychotic disorders.” 

The majority of women with TXS have a full-scale IQ in the low 
end of the average range, as well as a verbal IQ that is generally lower 
than their performance IQ.” The behavioural phenotype (increased 
anxiety, depressive disorder, attention deficits, and delayed speech 
and language development) and cognitive phenotype (poorer per- 
formance on verbal tasks and executive function deficits) are 
described primarily in children, adolescents and young adults, 
and the samples were often biased.” Therefore, how the phenotype 
develops when these women reach adulthood is largely unknown, 
although in a small biased sample, emotional problems, increased 
levels of anxiety, low self-esteem and social problems were 
reported.° The phenotype of adults with TXS appears to not be 
very distinct, illustrated by the fact that they are typically diagnosed 
after, for example, recurrent abortions or diagnosis of a family 
member. As a result, cases can go undiagnosed, even in our clinical 
practice.” However, case reports of adult women with TXS suggest a 
higher prevalence of traumatic experience, suicidal tendencies, 
psychosis and/or autism spectrum disorder (ASD),° and adults 


with TXS can have a relatively poor socioeconomic position. For 
example, a Danish study found that women with TXS were signifi- 
cantly less likely to have a partner, become a mother or achieve a 
higher education compared with a control group; moreover, the 
authors found that women with TXS were more likely to retire at 
a younger age compared with the control group.” Nevertheless, 
more research into the adult TXS phenotype is clearly warranted. 
TXS has also been associated with impaired social functioning, a 
key characteristic in several neurodevelopmental, psychiatric and 
neurological disorders.'°'' The biological mechanisms underlying 
impaired social functioning are currently unknown; however, a 
growing body of evidence suggests that the sex chromosomes may 
play a role via haploinsufficiency,’* differences in the spatial organ- 
isation of chromosomes in the nucleus,’* or an increased dosage of 
X-linked and/or autosomal genes.'*7!® Indeed, an increased preva- 
lence of ASD has been reported in disorders resulting from either an 
increase or decrease in the number of sex chromosomes, including 
TXS, Klinefelter syndrome (47,XXY), Jacobs syndrome (47,XYY) 
and Turner (45,X0) syndrome.” 14 Therefore, sex chromosome dis- 
orders, such as TXS, may serve as valuable genetic models for study- 
ing impaired social functioning in ASD. For example, in a 
multicentre longitudinal study, a total of 200 000 newborn children 
were screened for a sex chromosome disorder,!?-*” and unbiased 
cases of a sex chromosome disorder were followed through young 
adulthood (for review, see Otter et al’ ), revealing that girls and 
young women with TXS often have difficulties forming meaningful 
interpersonal relationships.* Researchers at one of the 
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participating centres (the University of Edinburgh) studied the psy- 
chiatric symptoms and behavioural characteristics in adolescent and 
young women (>16 years of age) with TXS and found that four of 
the 14 young women with TXS had fair, poor or grossly inadequate 
friendships compared with none of the young women in the control 
group; in addition, five of the 14 young women with TXS (35.7%) 
were found to lead an isolated life compared with only 4% of the 
control group.’ Another participating centre (Denver, Colorado) 
followed 11 individuals with TXS from birth to adolescence/early 
adulthood, and reported social reticence in two of these 11 indivi- 
duals (18.2%) compared with 0% in the control group.”* 

Furthermore, recent studies found that girls with TXS have 
higher levels of shyness, social dysfunction and social anxiety, and 
a high prevalence of autism-like features.7°?° Moreover, a recent 
self-report study, in which adults with TXS used the Symptom 
Checklist-90 Revised, found that women with TXS have an 
increased risk of social deficits, although approximately half of the 
participants did not report any behavioural or social deficits® ; in 
contrast, approximately one in 200 women in the general popula- 
tion have ASD.’* Moreover, the Symptom Checklist-90-Revised 
is not considered a suitable tool for diagnosing or ruling out 
ASD.7” In addition, women with social communication difficulties 
often find it hard to self-identify these difficulties. Taken together, 
these studies suggest that the prevalence of social impairments is 
higher among adults with TXS compared with controls; however, 
studies performed to date regarding impaired social functioning 
were not designed specifically to assess ASD and/or limited their 
reporting to relatively young adults. 

The social impairments associated with TXS may be, in part, 
attributable to a delay in the development of speech and/or lan- 
guage,””’”® as well as impaired cognitive processes such as attention 
and executive functioning,” two cognitive domains that have been 
associated with ASD. However, little is currently known regarding 
social cognition in adults with TXS. Social cognition encompasses 
all of the cognitive processes that are required for social functioning. 
Moreover, the ability to recognise emotions is an important part of 
social cognition and is required for adequate social functioning, 
including the ability to form and maintain personal relationships. 
Although impaired emotion recognition has been reported in 
other sex chromosome disorders, including Klinefelter and 
Turner syndrome,*”-* to date no studies have examined 
emotion recognition in adults with TXS. 


Aim 

Given that social impairments and a high prevalence of autism-like 
traits have been observed in girls and young women with TXS, TXS 
may serve as a valuable model for studying neurodevelopmental dis- 
orders such as ASD. Therefore, the aim of this study was to examine 
social functioning in adults with TXS by assessing a broad range of 
social behaviours generally associated with ASD, including social 
motivation, social communication, social awareness and rigidity, 
and repetitive behaviours; in addition, we examined whether 
women with TXS have impaired social cognition. We therefore 
tested the hypothesis that women with TXS have a lower level of 
social functioning and reduced emotion recognition compared 
with age-matched controls. 


Method 


Ethical statement 


All procedures in this study were performed in accordance with the 
ethical standards established by the respective national and 


institutional committees regarding human experimentation and in 
accordance with the Declaration of Helsinki. In addition, all proce- 
dures involving human subjects were approved by the medical 
ethics committee at Maastricht University Medical Centre and 
Maastricht University (approval number: NL46871.068.14/ 
METC143051). Written informed consent was obtained from all 
participants. 


Participants 


A total of 65 adult women aged 18-63 years participated in the 
study; 34 women had TXS (defined as a 47,XXX chromosomal com- 
position determined by conventional karyotyping), and 31 were 
age-matched controls. To be eligible to participate in this study, par- 
ticipants had to be capable and competent to give informed consent, 
and had to be sufficiently proficient in the Dutch language. 

All 65 participants were White. In the TXS group, ten of the 
women were diagnosed prenatally, whereas the remaining 
24 women were diagnosed postnatally because of the following 
indications: infertility/recurrent abortions (n=9), atypical 
development (n=6), a family member with a genetic condition 
(n=4), small head (n = 2), intestinal malformation (n = 1), nuchal 
oedema (n = 1) and epicanthal folds (n = 1). 


Recruitment and assessment 


Participants with TXS were recruited through flyers, digital newslet- 
ters, social media, a TXS support group in The Netherlands, adver- 
tising and via the Department of Clinical Genetics at Maastricht 
University Medical Centre. Healthy age-matched controls were 
recruited through the families and friends of women with TXS 
and through advertising. Where possible, all assessments were per- 
formed within 1 day. 


Study design and setting 


This cross-sectional cohort study including an age-matched control 
group was conducted at the University of Maastricht in Maastricht, 
The Netherlands. 


Instruments 
Full-scale intelligence quotient 


Full-scale IQ was estimated with a shortened version of the Dutch 
Wechsler Adult Intelligence Scale, Third Edition.** 


Social functioning 


The Adult Behavior Checklist (ABCL) evaluates 134 behaviour 
problem items in the preceding 6 months. Behaviour problem state- 
ments were scored on a three-level rating scale (‘absolutely not true’, 
‘somewhat or sometimes true’ or ‘very true or often true’) by 
someone who knows the participant well.°*°? The Withdrawn 
and Thought Problems scales were shown in a Dutch study 
to provide a reliable measure of ASD.*° Because norms differ 
between participants aged 18-35 years and participants aged 
35-59 years, we present T-scores and three ranges (normal, border- 
line and clinical), with higher scores representing increased levels of 
behavioural problems. 

A Dutch translation of the informant/observer version of the 
Social Responsiveness Scale for Adults (SRS-A) was used to 
screen for ASD-related social problems; this translated version has 
been shown to have psychometric properties comparable to the ori- 
ginal version.°°*” For our study, we chose the informant version of 
the SRS-A, as women with social communication difficulties often 
find it hard to self-identify these difficulties, and therefore often 
underestimate their own level of social difficulties. The SRS-A has 
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Fig. 1. The Emotion Recognition Task (ERT) from CANTAB. Permission to replicate this figure has been given to the authors by Cambridge 





Cognition Ltd. 


64 questions divided among the following four subscales: social 
motivation, social communication, social awareness and rigidity, 
and repetitive behaviour.*”°* The SRS-A was completed by a 
family member, partner or significant other. Symptoms were 
rated on a four-point Likert scale, with scores ranging from 0 (not 
true) to 3 (almost always true), and T-scores are presented. A 
higher score represents more difficulties in social responsiveness. 
Seventeen of the 64 items required reverse coding.*”** The T- 
scores reflect the following levels of clinical severity: high function- 
ing (T-score 0-39), normal functioning (T-scores 40-59), mild-to- 
moderate deficits (T-scores 60-74) and severe deficits (T-scores 
>75).’°* Although the SRS-A is not considered a diagnostic 
instrument, severe deficits on this scale are often associated with a 
diagnosis of autism in clinical practice.*” 


Emotion recognition 


The Emotion Recognition Task (ERT) in the Cambridge 
Neuropsychological Test Automated Battery for 
Windows (Cambridge Cognition, Cambridge, UK; see www. 
cantab.com) was used to assess the participants’ ability to identify 
the following six emotions: happiness, sadness, anger, disgust, fear 
and surprise. During the ERT, the participants were shown two 
series of 90 facial expressions depicting various intensities of these 
six emotions (Figs 1 and 2), with 15 levels of intensity per 
emotion. The task procedure was as follows: a fixation cross was dis- 
played in the centre of an otherwise black screen for 1.5 to 2.5 s, then 
a stimulus showing a face depicting one of six possible emotions was 
shown briefly (200 ms). The stimulus was then masked with a 
speckled grey rectangle for 250 ms. After masking, six buttons 
were displayed and the participant had to choose the button 
which they thought most closely corresponded to the shown 
emotion. Participants were instructed not to overthink and to 
respond as quickly as possible. Correct identifications of the separ- 
ate emotions and total correct identifications were recorded. The 
ERT was performed as described previously.” 


Statistical analyses 


Normally distributed data (age, full-scale IQ score and ERT total 
score) were compared with the Student’s t-test. Non-normally 
distributed data (ABCL T-score, SRS-A T-score and ERT data) 
were compared with the Mann-Whitney U-test. Categorical data 


were analysed by Fisher’s exact test. Spearman’s rank correlation 
coefficients were calculated between the total SRS-A scores and 
full-scale IQ scores. 

ERT scores were transformed into standardised Z-scores to 
identify potential outliers defined as a Z-score smaller than -3 or 
larger than 3; no outliers were identified. Spearman’s rank correl- 
ation coefficients were also calculated between the total ERT score 
and age, and between the total ERT score and full-scale IQ. In add- 
ition, an analysis of covariance (ANCOVA) was performed to 
examine the effect of full-scale IQ on ERT performance. 
Spearman’s rank correlation coefficients were also calculated 
between the social motivation subscale of the SRS-A and total 
ERT score. 

Differences between the women who were diagnosed with TXS 
prenatally and the women who were diagnosed with TXS post- 
natally were also analysed, to determinate the level of ascertainment 
bias between these two groups. These differences were analysed with 
the Student’s t-test (full-scale IQ), the Mann-Whitney U-test (SRS- 
A total score) and an ANCOVA (ERT total score, controlling for 
full-scale IQ as a potential confounder). 

All statistical analyses were two-tailed and were performed with 
Stata for Mac version 13.1 (StataCorp, College Station, Texas). 
Variables that were normally distributed are reported as the 
mean, s.d. and 95% confidence interval; variables that were non- 
normally distributed are reported as the median and interquartile 
range (IQR). Differences with a P-value <0.05 were considered 
significant. 


Results 


We found no significant difference in age between the TXS group 
and the control group (Table 1). In contrast, we found that full- 
scale IQ was significantly lower in the TXS group compared with 
the control group (Table 1). 


Social functioning 


The ABCL T-scores were significantly higher in the TXS group (n = 
33) compared with the control group (m= 31) on the Withdrawn 
syndrome scale (median 64, IQR 55-69 v. median 55, IQR 50-61, 
respectively; P< 0.001, effect size 0.4) and the Thought Problems 
syndrome scale (median 59, IQR 54-66 v. median 50, IQR 50-56, 
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Fig.2 Three out of 15 intensity levels from the Emotion Recognition Task (ERT). Permission to replicate this figure has been given to the authors 


by Cambridge Cognition Ltd. 


Table 1 Summary of the study participants 





Triple X group (n = 34) 


Control group (n = 31) 





Mean+s.d. 95% Cl Mean+s.d. 95%Cl  P-value® 
Age, years - 32.94 13.1 28.3-37.5 34.9413.7 29.9-39.9 0.56 
Full-scale IQ°. 86.1+10.5 82.3-89.9 96.8+12.7 92.1-101.4 0.0005 


a. Student's t-test. 
b. Data in the Triple X group are based on n= 32. 





respectively; P < 0.001, effect size 0.4). Similar results were obtained 
when we excluded the two participants who were >59 years of age 
(data not shown). With respect to the results of the Withdrawn 
syndrome scale, 60.6%, 15.2% and 24.2% of the women in the 
TXS group scored in the normal, borderline and clinical range, 
respectively, compared with 90.3%, 9.7% and 0.0%, respectively, 
in the control group (P< 0.01). With respect to the results of the 
Thought Problems syndrome scale, 66.7%, 24.2% and 9.1% of 
the women in the TXS group scored in the normal, borderline 
and clinical range, respectively, compared with 96.8%, 3.2% and 
0.0%, respectively, in the control group (P< 0.01). 

The SRS-A T-scores are summarised in Table 2. We found that 
the women in the TXS group had significantly higher scores on all 
four SRS-A subscales compared with the control group, with 
medium effect sizes. With respect to functioning, we found 
that 62.5% of the women in the TXS group were in either the 
high-functioning or normal-functioning range compared with 
96.8% of the control group; in contrast, 37.5% of the women in 
the TXS group had either mild/moderate or severe deficits 
compared with only 3.2% of the control group (P = 0.002; Table 3). 


Relationship between full-scale IQ and SRS-A score 


We found no significant correlation between full-scale IQ and total 
SRS-A score in either the TXS group (r,=-0.30, P=0.11) or the 
control group (r, = -0.08, P = 0.69). 


Emotion recognition 


The results of the ERT are summarised in Table 4. Overall, we 
found that the women in the TXS group performed significantly 
worse than controls at recognising emotions, with mean +s.d. 





scores of 100.8+20.5 (95% CI 93.6-108.1) and 115.2+16.0 
(95% CI 109.3-121.0), respectively (P= 0.0028). When we exam- 
ined each emotion separately, we found that the women in the 
TXS group were significantly worse than the control group at recog- 
nising sadness, fear and disgust, but were similar to the control 
group at recognising happiness, surprise and anger. 

An ANCOVA of ERT total scores, with full-scale IQ as a covariate, 
confirmed that the women in the TXS group performed worse than 
the control group at recognising emotion (F(1,60) = 7.143, P = 0.010, 
7° =0.106). Moreover, full-scale IQ did not significantly affect 
overall performance on the ERT (F(1,60) = 1.00, P = 0.32, 4” = 0.016). 

Our analysis also revealed a significant correlation between ERT 
total score and age in both the TXS group (r, = -0.48, P = 0.0044) 
and the control group (r,=-0.47, P=0.0072). In contrast, we 
found a significant correlation between ERT total score and full- 
scale IQ in the TXS group (r,= 0.36, P=0.045), but not in the 
control group (r, = 0.08, P= 0.65). 


Relationship between SRS-A and ERT score 


Lastly, we found a significant correlation between the SRS-A social 
motivation subscale and ERT total score in the TXS group (r, = 0.51, 
P=0.004), but not in the control group (r, = -0.10, P = 0.59). 


Explorative comparison between the prenatally 
diagnosed and postnatally diagnosed women in the 
TXS group 


Finally, we compared the women in the TXS group who were diag- 
nosed prenatally with those who were diagnosed postnatally. We 
found that these two subgroups did not differ with respect to full- 
scale IQ (mean values of 86.7 +7.6 (95% CI 80.8-92.5) v. 85.9 + 
11.5 (95% CI 80.8-90.9), respectively; P= 0.85); SRS-A total score 
(median values of 56.5 (IQR 52-60) v. 59.5 (IQR 50.5-65.5), 
respectively; P = 0.63); or total ERT score (F(2,29) = 3.48, P= 0.09). 


Discussion 


Here, we report the results of the first study designed to investigate 
social functioning and emotion recognition in adults with TXS.”"* 


Table 2 Summary of SRS-A T-scores in the TXS group and control group 


Social impairment in triple X syndrome 





Triple X group (n = 32) 


Control group (n = 31) 





a. Mann-Whitney U-test. 
b. Effect size was calculated with the equation: r = Z//N. 





Median IQR Median IQR P-value* Effect size? 
Social motivation (range 37-98) 60.0 51.0-67.0 47.0 43.0-52.0 0.0001 0.5 
Social communication (range 37-109) 60.0 48.5-62.5 47.0 39.5-52.0 0.0001 0.5 
Social awareness (range 35-108) 56.0 49.0-65.0 45.0 40.0-53.0 0.0005 04 
Rigidity and repetitive behaviour (range 40-113) 54.0 48.0-66.0 46.0 42.0-52.0 0.0014 04 
Total score (36-114) 58.5 51.0-64.5 45.0 41.0-52.0 < 0.0001 0.5 


SRS-A, Social Responsiveness Scale for Adults; TXS, triple X syndrome; IQR, interquartile range. 











Table 3 Distribution of SRS-A group scores in the TXS and control 


groups 


Table4 Summary of the number of correctly identified emotions in the 
TXS and control groups 





Mild-to- 
High Normal moderate Severe 
functioning? functioning> deficits® deficits* 
Triple X group 1 19 7 5 
(nN = 32) 
Control group 5 25 1 0 
(n =31) 


SRS-A, Social Responsiveness Scale for Adults; TXS, triple X syndrome. 
a. Defined as a T-score of 0-39. 

b. Defined as a T-score of 40-59. 

Cc. Defined as a T-score of 60-74. 

d. Defined as a T-score of =75. 











Consistent with our hypothesis, we found that women with TXS 
have reduced social functioning compared with a control group. 
We found that the women in the TXS group performed significantly 
worse than the control group with respect to recognising emotions, 
particularly sadness, fear and disgust. We found no significant 
correlation between full-scale IQ and total SRS-A score. 

Our results are consistent with previous reports that girls with 
TXS can experience social impairments, have inadequate social 
skills and live a relatively isolated life.**** Thus, these findings 
suggest that TXS could be a risk factor for developing autism 
and/or autism-related conditions with impaired social functioning. 

Previous studies analysed the data separately between prenatally 
diagnosed TXS and postnatally diagnosed TXS.*°*"** In our study, 
we analysed all of the women with TXS group as a single group, for 
several reasons. We did not find differences in full-scale IQ, social 
responsiveness and emotion recognition between prenatally and 
postnatally diagnosed women. Therefore, we choose to report the 
results for the complete TXS sample, to increase statistical power. 

Importantly, we estimated that the level of bias was relatively 
low in our sample, although (as in all studies involving sex chromo- 
some disorders) our results may have been influenced to some 
extent by ascertainment bias,””’ given that higher functioning 
patients are often not clinically identified. Nevertheless, 82.4% of 
the women in our TXS group were diagnosed for a reason other 
than behavioural problems or learning difficulties. Although 
many studies have a general risk of bias in favour of healthier parti- 
cipants, leading to an under-recruitment of participants with social 
impairments” and/or reduced social functioning,*** our results 
are similar to previous reports with respect to impaired social func- 
tioning** and reduced full-scale IQ’”** in unbiased groups with 
TXS, and therefore likely represent impaired social functioning 
among adults with TXS. Thus, we conclude that our sample reliably 
reflects differences in social impairments between women with and 
without TXS in the general population. 

To the best of our knowledge, this is the first study designed to 
examine emotion recognition in adults with TXS, although emotion 
recognition and face processing have been extensively studied in 














Triple X group Control group 
Facial (n= 33) (n= 31) 
expression p- Effect 
(range 0-30) Median IQR Median IQR  value® size? 
Sadness 7 14-19 20 17-23 0.002 0.4 
Fear 0 5-12 13 8-18 0.006 0.4 
Disgust 4 9-19 21 17-23 0.012 0.3 
Happy 25 22-26 26 23-28 0.069 0.2 
Surprise 23 18-25 22 20-25 0.984 0.0 
Anger 7 15-18 16 15-18 0.957 0.0 
TXS, triple X syndrome; IQR, interquartile range. 
a. Mann-Whitney U-test. 
b. Effect size was calculated with the equation: r = Z//N. 





ASD, albeit with conflicting results. For example, compared with 
controls, individuals with ASD can have an atypical gaze pattern; 
whereas most individuals fixate on the eyes, individuals with ASD 
generally gaze at other parts of the face, such as the nose or 
mouth.*° Similarly, individuals with Turner syndrome often 
fixate on the mouth region rather than on the eyes, particularly 
when looking at a face expressing fear.*° It is therefore possible 
that women with TXS may also fixate on regions of the face other 
than the eyes, thus affecting their ability to recognise specific emo- 
tions as sadness and fear. In addition, being confronted with a sad or 
fearful face could result in gaze avoidance by individuals who may 
be sensitive, easily hurt emotionally and/or easily upset, attributes 
that that have been associated with TXS.* Viewing disgust in a 
face can also affect individuals with low self-esteem, another prop- 
erty that has been reported in TXS.”®° Finally, increased feelings of 
depression and/or anxiety can cause a bias toward identifying 
negative emotions such as sadness and fear, particularly during a 
forced choice task paradigm such as the ERT used in our 
study.*° 

Interestingly, we found an association between improved 
performance on the ERT and a higher level of impairment in the 
social motivation subdomain of the SRS-A in the TXS group, but 
not in the control group. Moreover, we found that the ability to 
recognise emotions appeared to be age-dependent in both the 
TXS group and the control group, with performance on the ERT 
decreasing with age. 

Our finding that emotion recognition decreases with increasing 
levels of social motivation in the TXS group was somewhat unex- 
pected, although such an association has been described previ- 
ously.“**” Abnormal processing of facial expressions has been 
suggested to be independent of social functioning, as individuals 
with intact emotion recognition can experience difficulties in 
social functioning.*’ The relationship between social motivation 
and emotion recognition is complex and was studied recently by 
Garman et al in a relatively small group of individuals with ASD, 
most of whom were boys.” The authors found that participants 
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with higher social motivation generally performed worse at recog- 
nising emotions, whereas lower social motivation was correlated 
with improved recognition of emotion, particularly anger, in chil- 
dren’s faces. Thus, the relationship between social motivation and 
emotion recognition is clearly complex, and appears to depend on 
the participant’s age, the emotion being expressed and whether 
the emotion is expressed by children or adults. Additional study 
regarding the development of emotion recognition and_ social 
motivation is needed to understand our findings and may provide 
valuable insight into social development in general. 

Further study regarding the genetic and other factors that con- 
tribute to the clinical variability in TXS may provide new insights 
into TXS, as well as gender-related differences in ASD in 
general.** In this respect, questions regarding TXS and social 
functioning warrant further study; for example, the relationship 
between social functioning and societal functioning and the 
relationship between social functioning and impaired language 
and communication, thus providing new treatment options rele- 
vant to women with TXS, their families and caregivers. 


Strengths and limitations 


Although this is the first study to examine social functioning and 
emotion recognition in adults with TXS, certain limitations must 
be considered when interpreting the results. First, although the 
SRS-A is a widely accepted screening instrument for ASD, it is 
not considered a diagnostic instrument. Therefore, we can only 
make statements regarding impaired social functioning regardless 
of the presence of ASD. Second, we did not assess social anxiety 
or linguistic function, factors that could have affected our 
measure of impaired social functioning. Third, the ERT contains 
90 specific stimuli, with six emotions expressed at 15 different inten- 
sities. Although it can be difficult in practice to distinguish among 
the lowest intensities, during the task the participant is required 
to select an intensity, which can cause the participant to guess to 
some degree when presented with stimuli with low intensity. 
Finally, the ERT was the final task performed in the neuropsycho- 
logical test battery, which could have led to tiredness and/or frustra- 
tion, particularly in the women with TXS, thereby affecting the 
results.” We repeat what was discussed above that there is no 
study on sex chromosome disorders without any risk of bias, includ- 
ing this study. 

In conclusion, our results indicate that adults with TXS have 
impaired social functioning and emotion recognition. Thus, the 
role of X chromosome aneuploidy in this social impairment 
should be examined to explain the variability in phenotypic presen- 
tation. Nevertheless, TXS may serve as a suitable model for studying 
the effect of genetics on social cognition and behaviour, particularly 
in females. 
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